The mono trans geometrical isomer of eicosapentaenoic acid, 5c,8c,11c,14c,17t-eicosapenntaenoic acid (20:5D5c,8c,11c,14c,17t ), was synthesized by fatty acid microbial conversion using a D12-desaturase defective mutant of an arachidonic acid (AA)-producing fungus, Mortierella alpina 1S-4. The substrate for the bioconversion, a geometrical isomer of linolenic acid, was prepared by isomerization of linseed oil methyl ester by the nitrous acid method, followed by puriˆcation on a AgNO 3 -silica gel column. The structure and double bond geometry were identiˆed after hydrazine reduction followed by permanganate oxidation to 20:5D5c, 8c,11c,14c,17t. The biosynthetic route from 18:3D6c, 9c,12t to 20:5D5c,8c,11c,14c,17t was presumed to mimic the route from linoleic acid to arachidonic acid.
In 1974, minor quantities of geometrical isomers of linolenic acid were detected by Ackman et al. 1) in deodorized oils. The same compounds (18:3D9c,12c, 15t (18:3c,c,t ), 18:3D9t,12c,15c, (18:3t,c,c) and 18:3D9t,12c,15t (18:3t,c,t )) were also identiˆed as the major isomers of linolenic acid formed during heat treatment of vegetable oils. 2) Little is known about the metabolism and physiological eŠects of these geometrical isomers of linolenic acid. It was demonstrated that the geometrical isomers of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), with a trans double bond at the D17 and D19 position, respectively, were present in liver lipids of rats fed heated linseed oil.
3) Another report also revealed that one of the geometrical isomers of linolenic acid, 18:3c,c,t, was converted to 18:4D6c,9c,12c,15t by the rat liver microsomal fraction. 4) Although these reports suggested that some of the geometrical isomers of linolenic acid were converted like the native all cis fatty substrate, the physiological eŠects of their metabolites remained unclear. However, chemical preparation and of a single geometrical isomer of a polyunsaturated fatty acid with more than four double bonds were very di‹cult, because more than sixteen geometrical isomers were formed.
On the other hand, some microorganisms show the ability to convert fatty substrates to corresponding PUFAs through desaturations and elongation reactions. In recent studies, we found that arachidonic acid (AA)-producing Mortierella alpina 1S-4 and its D12-desaturase defective mutant Mut48 5) showed remarkable accumulation of EPA derived from alinolenic acid (ALA). 6) Since D12 desaturase is not involved in the conversion of ALA to EPA, Mut48, which is defective in the accumulation of linoleic acid, is suitable for EPA production from exogenously provided ALA.
This investigation aimed at establishing a method for preparing geometrical isomers of EPA by microbial conversion.
Linseed oil (58z a-linolenic acid, 16z linoleic acid, 12z oleic acid, 5z stearic acid, and 9z palmitic acid) was purchased from Wako Pure Chemicals (Osaka, Japan). All other authentic fatty acids were obtained from Funakoshi (Japan). All other reagents were of analytical grade. Linseed oil (40 g) was esteriˆed by incubation for 3 hours with a 2z sulfuric acid methanol solution in a screw-capped bottle at 709 C. After methylation of the linseed oil in large quantities, the methyl esters were submitted to nitrous acid isomerization.
The isomerization was done under the following conditions; linseed oil methyl ester (40 g) was treated with 26 ml of 3 M nitric acid and 40 ml of an aqueous 0.5 M solution of sodium nitrite at 509 C for 30 min.
After the addition of water, the resultant isomerized fatty acid methyl esters were extracted with n-hexane. The resultant isomeric acids were submitted to urea inclusion. All of the isomerized linseed oil methyl ester was mixed with a hot solution of urea in methanol (40 g urea W 400 ml methanol). After it was cooled under nitrogen, the ‰ask was left at 49 C overnight. The urea adduct and non-adduct fractions were separated by suctionˆltration. Theˆltrate (urea nonadduct fraction) was concentrated to a half volume, followed by transferred to a separatory funnel. After the additon of 200 ml HCl (0.1 N), the fatty acids were extracted with an equal volume of n-hexane twice. Almost all the saturated and monoenoic acids were removed from the mixture, polyunsaturated acids remaining in the urea non-adducted fraction (NAF, 12 g). Further fractionation of the NAF was done on a silver nitrate silica gel column. Wakogel C-100 (Wako Pure Chemical, Osaka, Japan) (80 g) was mixed well with 200 ml of a 4z silver nitrate 80z methanol solution, and then evaporated to dryness in a rotary evaporator, followed by activation for 16 hr at 1609 C. After cooling, the treated silica gel was transferred to a glass column (3.0 cm i.d.×35 cm). About 10 g of NAF was put on the column, followed by elution with 500 ml of n-hexane W diethyl ether (80 W 20) inˆve fractions. Each fraction (100 ml W fraction) was used for the bioconversion after identiˆcation of the fatty acid composition by comparison with gasliquid chromatography (GLC) data published by Grandgirard et al. 7) The GLC conditions were the same as described previously. 8) Due to its high content of 18:3c,c,t without 18:3D9c,12c,15c (18:3c,c,c ), the 4th fraction (F4, 1.53 g) was used in this study.
Mortierella alpina Mut48, which is a D12 desaturase-defective mutant of Mortierella alpina 1S-4, was inoculated as a spore suspension into 20 ml Erlenmeyer ‰asks each containing 4 ml of medium (0.5z glucose, 1z yeast extract, and 0.5z olive oil, pH 6.0) supplemented with the methyl esters of the a-linolenic acid geometrical isomer mixture described above, and then incubated with reciprocal shaking (120 strokes W min) at 289 C for 5 days. The procedures for extraction, transmethylation, and identiˆcation of mycelial fatty acids were described previously. 8) As shown in Fig. 1 , several peaks additional to those observed for mycelia grown without fraction 4 were detected in GLC chromatograms after growth with fraction 4. Among the additional peaks, the most abundant fatty acid, without added isomerized 18:3, detected at 17.5 min was regarded to be 20:5D5c,8c,11c,14c,17t.
The puriˆcation of fatty acid methyl esters by HPLC was done with a Shimadzu LC-5A system with a Cosmosil 5C18 AR column (20×250 mm; Nakalai Tesque, Japan) [wavelength, 205 nm; mobile phase, acetonitrile W water (90:10, v W v); ‰ow rate, 7 ml W min; column temperature, 309 C]. The fractions were collected in the eluted order followed by GLC analysis. The methyl ester of 20:5D5c,8c,11c,14c,17t was eluted at 15 min under these conditions. The fractions containing 20:5D5c,8c,11c,14c,17t were collected and concentrated under reduced pressure (yield, 10 mg from 10 lots of this culture).
Mass spectrometry (MS) was done with a Shimadzu GCMS-9100MK (ionization potential, 70 eV). The mass spectrum showed fragment ion peaks at m W z 316 (M ＋ , relative intensity, 6z), 201, 180, 175, 173, 93, 91, 79 (base peak), and 67. The 1 H NMR (JEOL JMN-EX-270 (270 MHz)) spectrum, in CDCl3 with tetramethylsilane as the internal stan- In order to identify the double bond geometry, we followed the analytical procedure outlined in Fig. 2 . Hydrazine reduction was done by the method of Conway et al. 9) After 30 min of reaction, water was added and the methyl esters were extracted with nhexane. The resultant monoenoic fatty acids were puriˆed by HPLC (the conditions were the same as described above). Fatty acids withˆve, four, three, two, one, and without double bonds were eluted in that order and the fraction contained monoenoic acid (from 45 to 52 min) were collected and concentrated under reduced pressure. Further puriˆcation of the resultant monoenoic fatty acids was done out by AgNO3-thin layer chromatography (TLC). Silica gel plates (Merck, 0.25 mm thickness, 10 cm×20 cm) were soaked in a 10z silver nitrate solution in acetonitrile for 30 min. The solvent system of benzene-diethyl ether (90:10, by vol.) was used for the separation of monoenoic acid with trans double bonds from that with cis ones. As TLC standards, 11c-eicosenoic acid methyl ester (20:1D11c) and 11t-eicosenoic acid methyl ester (20:1D11t ) were used for cis and trans acids, respectively. The gel corresponding to the bands of the two acids stained with 0.01z primuline in 80z acetone was scraped oŠ. The resultant fractions, which contained monoenoic acids, were extracted from the gel with ethyl acetate and then oxidized with permanganate to locate the double bond.
10) The reaction done in tert-butyl alcohol, 0.01 M NaIO4, 0.0025 M KMnO4, 0.002 M Na2CO2, and water. The oxidation products were extracted with diethyl ether, followed by transmethylation with diazomethane, and then analyzed by GLC. The resultant mono-and dimethyl esters were identiˆed by comparison with authentic standards by GLC analysis.
On GLC analysis of the oxidation product of the cis acid fraction, which contain four cis monoenoic acids, the methyl esters of four monocarboxylic acids, i.e. hexanoic (C6), nonanoic (C9), dodecanoic (C12), and pentadecanoic (C15) acids, and the dimethyl esters of four dicarboxylic acids, i.e. pentadioic (C5), octadioic (C8), undecadioic (C11), and tetradecadioic (C14) acids, were detected. On the other hand, heptadecadioic acid (C17) dimethyl ester was only detected from the oxidation product of the trans acid fraction, which containes one trans monoenoic acid. These results indicated that double bonds existed at the 5, 8, 11, 14, and 17 positions from the carboxyl group, and double bonds at the D5, 8, 11, and 14 positions were of the cis geometry and that at the D17 position of the trans geometry.
In this study, we showed that a D12 desaturasedefective mutant of Mortierella alpina 1S-4 is available for the conversion of the trans isomer of linolenic acid to the trans isomer of eicosapentaenoic acid. The biosynthetic route from 18:3D6c,9c,12t to 20:5D5c,8c,11c,14c,17t was presumed to mimic the route from linoleic acid to arachidonic acid, as follows: 18:3D9c,12c,15tª18:4D6c,9c,12c,15tª20:4 D8c,11c,14c,17tª20:5D5c,8c,11c,14c,17t. (Fig. 3) 
